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In globally competitive manufacturing industry, the success of new product 
development has become more decisive an organization’s business 
performance. The organization needs to plan strategies to reduce defects by 
implementing various quality programs (Mitra, 2016) since many organizations still 
encounter product quality issues involving product recall, the escalation of 
warranty claims costs and product failures. 
 
One way to solve these issues is to incorporate quality tools by eliminating potential 
defects of products at an early stage using DFMEA (Andrawus, 2008). DFMEA is 
extensively implemented to filter the inefficiency of new product. For example, 
Reid (2005) and Teng et al., (2006) showed that the use of design failure mode and 
effect analysis (DFMEA) in proper ways can save resources and meet customer’s 
demands and more recently, according to Dimas Campos et al., (2014) establish 
relationships between FMEA and organizational performance in Brazil automotive 
industry. Despite a comprehensive DFMEA was demonstrated a few decades 
ago, little attention has been paid to DFMEA of their effectiveness in the Malaysian 
automotive industry. 
 
This paper presents design failure mode and effect analysis (DFMEA) in the 
automotive industry of model XYZ as a criteria to describe how an organization 
filters defect using quality tools at the design stage which prioritize an action based 
on score. This quality tools incorporated in organizational strategies can satisfy 









The DFMEA in the automotive industry have been used as criteria to filter defects 
and recommend actions based on customer approach matrix score. This quality 




DESIGN FAILURE MODE AND EFFECT ANALYSIS 
 
The history of failure mode and effect analysis (FMEA) began in the 1960s, when it 
was introduced in the aerospace industry to identify potential failure modes and 
their causes, as well as systematically assess the associated risk by applying 
prevention activities to enhance the quality of products. The success of FMEA 
implementation has been widely recognized by the industry and other sectors, 
including manufacturing and services (Gilchrist, 1993). Furthermore, Goetsch and 
Davis (2010) claimed that the FMEA program can identify all possible potential 
failures of the product and services, prioritize the risk and initiate the removal of 
unwanted probabilities. 
 
Moreover, the FMEA design has been used as a quality assessment tools to 
measure potential failure modes at the design stages of new product 
development. It is a powerful quality tool that provides a risk analysis at early 
stages and suggest improvements on the products through formalized analysis on 
systematic identification of possible root cause and failure modes and the 
estimation of their relative risks (Maddoxx, 2005; Pillay and Wang, 2003; Puente et 
al., 2002). In this case study, the DFMEA was used to optimize the quality of the 





One automotive company was selected for the case study. The company was 
chosen due its ability to design the products from a sketch to become, products 
drawing and develop into mass production. The case study product was the 





The main purpose of the study was to investigate the relationship between 
applying design failure mode effects analysis (DFMEA) have effects of reduction 
product failures at the design stage of new product development in an 
automotive company. The research question for this study can be stated as, is 








CASE STUDY OF DESIGNING HEADLAMP ASSEMBLY OF MODEL XYZ 
 
In this case study, the quality tools of design failures and mode analysis (DFMEA) 
and was used. The automotive component parts selected to be studied came 
from various sources such as the warranty claims, customers’ feedbacks and 
dealers’ comments. The part used for this case study was on the design of 
headlamp assembly for model XYZ. 
 
In conducting the DFMEA, the steering committee identified the failure modes of 
the designing headlamp parts and the actions that can reduce or eliminate 
potential failures from occurring. This input was solicited from a group of experts 
namely the design, test, quality, marketing, production officials to ensure that 
headlamp assembly potential failure mode were identified. As suggested 
McDermont et al., (2009) shows that the step of DFMEA is to identify possible 
potential failure modes of the product by a session of systematic brainstorming 
from relevant departments in the organization (Gargama and Chaturvedi, 2011; 
Keskin and Ozkan, 2009; Yang, Bonsall and Wang, 2008). 
 
Moreover, numerical value of each risk factor associated failure namely, severity, 
occurrence and detection is presented as metrics in Table 1. As the risk increase, 
the value of the ranking increases. These were then combined into a risk priority 
number (RPN). The analysis was performed on failure modes by taking into 
account the risk factors for the occurrence (O), severity (S), and detection (D) 
which was given a score between 1 to 10. Normally, the prioritization of failure 
modes in DFMEA was determined through the risk priority number (RPN) (Chin, 


















1-10 1-10 1-10 1-1000 
RPN = Occurrence (O) x Severity (S) x Detection (D) 
 
Table 8.1 shows that the definition of occurrence (O) was the probability or 
frequency of the failure with the minimum score of 1 and the maximum score of 
10. Meanwhile, the severity (S) was the seriousness of the failure, and detection (D) 
was the ability to detect the failure before the impact of the effect was realized. 
The higher the RPN of a failure mode the greater the risk for headlamp assembly 
would be, and then the proper actions should preferably be taken on the high-risk 
failure modes. In this case study, the structure of the design component of the 
headlamp assembly for model XYZ consisting of housing assembly, wire harness, 









The structure or diagram of headlamp assembly 
 
The next step was the assessment of each process in the headlamp assembly of 
each potential failure mode and the effect was rated in each of these 
occurrence, severity and detection on a scale ranging from 1 to 10. By multiplying 
the ranking for these three factors to the total risk priority number (RPN) was 
determined for each potential failure mode and effect. Table 8.2 illustrates the 
RPN score and Table 8.3 shows the RPN score after action was taken. 
 
Table 8.2 
The RPN score including customer approach matrix. 
 



















































Table 8.2 illustrates the RPN score of 1000, that means the seriousness of 
consequences and proper solution was necessary to eliminate cause and effect. 
Table 8.3 shows the results of new RPN was 1 after the action plan was taken to 















  Action Severity Occurrence Detection New 
RPN 










1 1 2 2 
 
The action plan is to design a diameter 4.0 mm for release temperature trapped 
in headlamp assembly as Figure 8.2. 
 
Figure 8.2 illustrates the action plan have been taken to remove heating trap of 




    Dia. 4 mm of hole at headlamp rubber cover 
 
Figure 8.2 





Design failure mode and effect analysis (DFMEA) is a disciplined approach used 
to identify potential failures at the design stage of the product development, by 
identifying particular cause or failure. The main idea was to generate a risk priority 
number for each failure mode or RPN. The higher the risk number, the more serious 
the failure could be, and the more important it was that this failure mode be 
addressed. This study showed that the customer approach matrix score of 5 which 
indicated the seriousness of the consequences requiring prompt action to 






The proposed methodology that used DFMEA in this study was a new approach 
to identify the risks associated with the best alternative selected to avoid 
unforeseen problems in the design stages. Therefore, rather than the standard 
application of identifying potential product failures and preventing them. In 
addition, establishing the risk priority numbers allows the team members to 
determine the importance of addressing potentially troublesome areas based on 
customers’ view. Moreover, in facing these challenges in business competition, the 
investment on optimum resources in adapting and implementing quality plan 
solely on the new product development might not be enough. Consequently, the 
DFMEA uses as weights aims to prioritize the preventive actions. In this case study, 
the finding will benefit the applications of DFMEA in industries that have not yet 





Design failure mode and effects analysis (DFMEA) is major tool for quality 
improvement in the manufacturing sector, especially in the automotive industry. 
The aim of these tools is to prevent failure at the design stage. This case study is 
developed to utilize DFMEA as valid approach model and a method to assess the 
risks, used for prioritization by quality tool approach. The case study has sought to 





Andrawus, J. (2008). Maintenance optimization for wind turbines, PhD dissertation, 
School of Engineering Robert Gordon University, Aberdeen, UK. 
Braglia, M. (2000). MAFMA: Multi-attribute failure mode analysis. International 
Journal of Quality and Reliability Management, 17(9), 1017-1033. 
Chin, K.S., Chan, A. & Yang, J. B. (2008). Development of a fuzzy FMEA based 
product design system. International Journal of Advanced Manufacturing 
Technology, 36, 633-649. 
Dimas Campos, de, A., Valerio Antonio, P.S., & Carlos Henrique, P. M. (2014). An 
ISO 9001 based approach for the implementation of process FMEA in the 
Brazilian automotive industry. International Journal of Quality and Reliability 
Management, 32(6), 599-602. 
Gargama, H. & Chatuvedi, S. K. (2011). Critically assessment models for failure 
mode effects and critically analysis using fuzzy logic. IEEE Transactions on 
Reliability, 60(1), 102-110. 
Gilchrist, W. (1993). Modelling failure mode and effect analysis. International 
Journal of Quality & Reliability Management, 10(5), 16-23. 
Goetsch, D.I., & avis, S. B. (2014). Introduction to Total Quality, Quality 
Management for Production, Processing, and Service. Prentice-Hall, 
Englewood Cliffs, NJ. 
Keskin, G. A & Ozkan, C. (2000). An alternative evaluation of FMEA: Fuzzy ART 
algorithm. Quality and Reliability Engineering International, 25, 647-661. 





McDermott, R., Mikulak, R., & Beauregard, M. (2009). The basics of FMEA, USA: 
Productivity. 
Mitra, A. (2016). Fundamental of Quality Control and Improvement. 4th edition. 
John Wiley and Sons, NJ. 
Pillay, A & Wang. J. (2003). Modified failure mode and effects analysis using 
approximate reasoning. Reliability Engineering and System Safety, 79, 69-85. 
Puente, J., Pino, Priore, P., & de la Fuente, D. (2002). A decision support system for 
applying failure mode and effects analysis. International Journal of Quality 
Reliability Management, 19(2), 137-150. 
Reid, S.D. (2005. FMEA- something old, something new. Quality Progress, 38(1), 90-
93. 
Teng, S.G., Ho, S.M., Shumar, D. & Liu, P.C. (2006). Implementing FMEA in a 
collaborative supply chain environment. International Journal of Quality and 
Reliability Management, 23(2), 179-196. 
Yang, Z, Bonsall, S., & Wang, J. (2008). Fuzzy rule-based Bayesian reasoning 
approach for prioritization of failures in FMEA. IEEE Transaction on Reliability, 
57(3), 517-528. 
 
 
 
